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Mechanical stresses, including fluid shear stress (FSS), 25 play an important role in determining endothelial cell 26 (EC) behavior, modulating their physiology, gene ex-27 pression, and morphology [1, 2] . Transfer of FSS forces 28 to the EC first occurs at the luminal cell surface where 29 molecules whose conformations are directly affected by 30 FSS may act as mechanosensors or mechanotransducers. 31 In addition, sites remote from the initial stimulus may act 32 as mechanosensors or mechanotransducers as the force 33 of FSS is transmitted throughout the cell via the cyto-34 skeleton [1] . One such location is the lateral cell-cell 35 adhesion site [3] . 36 Recently, investigators have identified a possible 37 role for platelet-endothelial cell adhesion molecule-1 38 (PECAM-1, CD31) in the sensation of hyperosmotic 39 stress (HOS) and FSS and subsequent signal trans-40 duction events [4] [5] [6] . PECAM-1 is a 130-kDa mem-41 ber of the immunoglobulin superfamily that is 42 expressed abundantly on the cell surface of ECs, 43 platelets, and many leukocytes. A striking feature of 44 PECAM-1 is its localization at the cell-cell border 45 between adjacent endothelial cells [7, 8] . This specific 46 localization may be important to the vascular function 47 of PECAM-1, playing a role in leukocyte transmigra-48 tion of EC monolayers [9] . In confluent endothelial 49 cells, PECAM-1 molecules on adjacent cells bind 50 homophilically to each other via extracellular domains 51 1 and 2 [10] .
REN cells are endothelial-like cells derived from 53 human malignant mesothelioma [11] . In culture, they 54 form a confluent monolayer and adopt a "cobblestone" 55 morphology reminiscent of ECs (Fig. 1) . In addition, 56 REN cells express several surface antigens in common 57 with ECs but lack PECAM-1; they can be transfected 58 stably with wild-type or mutant forms of PECAM-1 59 ( Fig. 2A) . We have previously used REN cells as an 60 EC model, finding that many EC signaling processes 61 may be reconstituted after PECAM-1 expression 62 [12, 13] . 63
Utilizing this null cell, we reasoned that if PECAM-1 64 is a mechanosensor, force-induced PECAM-1 phos-65 phorylation may require localization to, and organiza-66 tion at, the lateral cell-cell border. We also explored 67 whether the cytoplasmic, extracellular or transmembrane 68 domains of PECAM-1 are necessary for PECAM-1 69 mechanosignaling.
Materials and methods
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Antibodies, reagents, immunoprecipitation, and Western blotting. Lysates were then separated on 4-12% gradient SDS-polyacryl-93 amide reducing gels (Invitrogen) and transferred to PVDF membranes 94 (Millipore) . Membranes were probed with mAb 1.3 or pAb PCD and 95 then counterstained with HRP-conjugated donkey anti-mouse IgG 96 (Cappel) or HRP-conjugated goat-anti-rabbit IgG (Jackson) , and 97 signals were visualized with ECL (Amersham-Pharmacia). Mem-98 branes were then stripped in a buffer containing 62.5 mM Tris-HCl 99 (pH 6.8), 2% SDS, and 100 mM of 2-mercaptoethanol, then reprobed 100 with PY20 and counterstained with HRP-conjugated goat-anti-rabbit 101 IgG [12] . Stable polyclonal populations of REN cell 117 transfectants were generated by bead sorting (Dynal) and selected in 118 G418 (0.5 mg/mL) supplemented R10 media as previously described 119 [13] . 120
The IL2PCD PECAM-1 mutant contains the extracellular and 121 cytoplasmic domains of the interleukin-2 receptor fused to the full 122 cytoplasmic domain of PECAM-1 [15] . The K151/R152A mutant 123 contains mutations lysine-arginine (KR) at amino acid positions 151 124 and 152 to alanine-alanine in the putative glycosaminoglycan binding 125 region of PECAM-1 (amino acids 149-155, see [16] ). Previously, these 126 mutant forms of PECAM-1 have been demonstrated to spread dif-127 fusely over the cell surface rather than localize to lateral cell-cell ad-128 hesion junctions, and we confirmed these observations in the cell lines 129 used for these experiments (Fig. 2B) [15] . 130
Immunofluorescent staining. Cells were grown on gelatin-coated 131 coverslips, washed in phosphate-buffered saline (PBS), fixed with 3% 132 paraformaldehyde for 20 min, and then permeabilized with ice-cold 133 0.5% NP-40 for 1 min. After washing, cells were stained using anti-134 PECAM-1 mAb 4G6 and polyclonal antibody "PCD" (directed 135 against the cytoplasmic domain of PECAM-1) as previously described 136 [17] . Cells were viewed on a Nikon eclipse E400 fluorescence micro-137 scope using a 40Â oil fluorescence lens and photographed with a 138 Nikon Coolpix 4500 digital camera. 139
Hyperosmotic stress and fluid shear stress. Cells were seeded onto 140 gelatin-coated glass microscope slides 48 h prior to the experiment 141 and grown to confluence. For experiments with HAECs, EBM-2 142 (Clonetics) containing 2% fetal bovine serum and Bullet kit reagents 143 (Clonetics), supplemented with 1% dextran, was used. To enhance the 144 PY-PECAM-1 signal, this medium was supplemented with 5 mM 145 NaVO 3 (pH 7.4); HAECs incubated for 3 h in NaVO 3 -containing 146 medium were used as a positive PY-PECAM-1 control. 147 REN cells were incubated in R10 medium containing 1% dextran 148 and 5 mM NaVO 3 (pH 7.4) at 37°C for 2 h prior to exposure to me-149 chanical stress. For FSS, glass slides were placed in a parallel plate flow 150 chamber [18] and subjected to 13 dyn/cm 2 of continuous shear stress 151 for 15 min with cell growth media supplemented with 1% dextran (to 152 increase the media's viscosity) and 5 mM NaVO 3 . For HOS, cells were 153 exposed to medium containing 1% dextran, 5 mM NaVO 3 , and 154 600 mM sucrose. After mechanical stress, cells were washed twice with 155 ice-cold PBS containing 1 mM NaVO 3 and lysed for 20 min on ice with 156 a buffer containing 0.01 M Tris-acetate (pH 8.0), 0.5% NP-40, 0. Mechanical stress is an important determinant of 275 endothelial cell behavior [1, 2] . Areas of disturbed flow, 276 for example, are more prone to atheroma formation 277 [25, 26] . Abnormal mechanical stress may also play a 278 role in the pathogenesis of pulmonary hypertension 279 [27] , ventilator-induced lung injury [28, 29] or glomer-280 ulonephropathy [30] . PECAM-1 is expressed abun-281 dantly on endothelial cells, platelets, and most 282 leukocytes. It is believed to play a role in mediating 283 adhesion between adjacent endothelial cells, angiogen-284 esis, and neutrophil adhesion to, and migration 285 through, the endothelial monolayer [9, 31, 32] . PECAM-286 1-null mice, however, do not display developmental 287 abnormalities or significant vascular defects, although 288 bleeding time is increased, leukocyte transendothelial 289 migration is slowed, and the blood-brain barrier may 290 be weakened [33] [34] [35] . 291 In summary, utilizing EC-like REN cells stably 292 transfected with wild-type and mutant PECAM-1 293 constructs to elucidate which domains of PECAM-1 294 confer mechanosensitivity, we demonstrate that in the 295 confluent monolayer, phosphorylation does not depend 296 upon lateral membrane localization of the protein and 297 cell-cell homophilic PECAM-1 binding. The trans-298 membrane and extracellular domains of PECAM-1 are 299 not necessary for mechano-responsiveness. The kinase, 300 which remains to be identified, appears to be activated 301 by a more direct effect of mechanical stress on the 302 cells. 
